environmental factor such as famine intervenes, no epidemic occurs. If my memory serves me aright it was a famine which precipitated the devastating epidemic in Uganda early in this century.
I have already pointed out that domestic animals and tsetse fly are incompatible and in areas infested with G. morsitans, G. pallidipes and most of the other non-riverine species of tsetse flies, domestic animals cannot survive. In areas infested with G. palpalis, such as river banks and the Lake shore, cattle can exist and even thrive, at any rate in Uganda. This is mainly due to the fact that G. palpalis does not transmit T. congolense, which is the most pathogenic trypanosome as far as domestic animals are concerned. It does, however, transmit T. vivax and T. brucei but neither of these parasites causes severe disease, at any rate when transmitted by G. palpalis, in animals kept in good environmental conditions. Under adverse conditions such as drought, long journeys, work as draft oxen, &c., this tolerance to T. vivax and T. brucei breaks down, and a severe disease supervenes. An interesting epidemiological point arises in connexion with T. brucei for it has been seen that this organism can on occasion set up a severe disease in cattle when transmitted by G. morsitans or G.
pallidipes.
Treatment of cattle which are in constant contact with tsetse fly is of little value owing to the fact that reinfection is taking place. When herds treated by the modern drugs for T. congolense repeatedly break down after treatment thisindicates almost invariably that reinfection is taking place through tsetse. On more than one occasion this fact has led to a sustained search and the tsetse hitherto considered to be absent have been discovered. Parts of Uganda and Zanzibar are cases in point.
One of the most important factors in the epidemiology of trypanosomiasis whether it be ofman or animals, is the shifting fly population. The "fly " areas, apart from those infested by G. palpalis near lakes and rivers, are never static and in recent years G. pallidipes and to a certain extent G. morsitans, have spread alarmingly. In Uganda where I have had first-hand experience over many years, the extension of the fly areas during the past three or four years has been most serious and in large areas the cattle population has been exterminated. It has been suggested that the fly G. pallidipes existed in these areas all the time and has only now been discovered. I can say categorically that as far as Uganda is concerned this is not so, because for many years large herds of cattle occupied these regions and healthy cattle are the best indicator that tsetse does not exist. In one particular area in Buruli in the province of Buganda there were famous grazing grounds early in this century, but G. morsitans and probably G. pallidipes invaded the area and existed in large numbers prior to the rinderpest epidemic about 1918 which killed off the big game, especially the buffalo.
The fly disappeared and the cattle returned and thrived, and I myself carried out a careful survey using bait animals in 1928. No tsetse were to be found. Within the last three years this same country has become reinfested, probably by traffic across a narrow strip of water, from a recognized "fly" area and the cattle have again been wiped out-that is twice within forty-odd years, due to shifting fly population.
There is no doubt that tsetse flies feed on game and that game, especially buffalo and antelopes, carry trypanosomes which are pathogenic to domestic animals. There is also no doubt that buffalo and to a certain extent elephants, can and do carry tsetse, especially G. morsitans and G. pallidipes, many miles into fresh country which if suitable may become permanently infested and the cattle population infected with trypanosomiasis. The question of game destruction is outside the scope of this. discussion but from the epidemiological point of view it has been observed that with the disappearance of game the fly has gone and trypanosomiasis of cattle does not occur. Several examples of this can be given from various parts of Africa.
The vast majority of chronic trypanosomiasis in cattle occurs outside tsetse areas and infection comes about in a variety of ways. In some parts of Africa, especially in Nigeria, the nomadic tribesmen move their cattle in search of grazing and water 2£1 during dry weather. Thus during a few months they often come in contact with fly and the disease becomes noticeable after their return to their normal grazing grounds many miles away from tse,tse. Here the disease is transmitted from animal to animal by Stomoxys and other biting flies. It is in these cases where a prophylactic drug which would protect the animals during their dry-weather grazing and contact with the fly would be most valuable. Such a drug is within the bounds of possibility, but when a chemical is required which will protect animals indefinitely in these tsetse areas the realms of practicability are exceeded at any rate for the present.
Other methods by which cattle become infected are contact with fly during travel from one part of the country to another on ordinary trade routes. Providing the fly belt through which they pass is not too extensive, an injection of Phenanthridinium 1553 or some other drug which will protect for a few days should prove a practical proposition and confer protection for the short period of risk from tsetse. On many occasions cattle are trekked through a fly belt at night, but this is often a hazardous undertaking and in any case is not effective as several species of Glossina feed at dusk.
Leaving the tsetse fly aside, a vast amount of trypanosomiasis in cattle is represented by T. congolense infections in herds far removed from known tsetse infestation. This is usually a chronic infection, causing unthriftiness and gradual emaciation, with exacerbations of virulence at certain times of the year. Sometimes these occur during drought when the animals are in poor condition owing to lack of grazing. At other times they occur during the rainy season when the biting flies such as S. hIematopota and Tabanus occur in large numbers and the animals' resistance is reduced by fly worry, and mechanical transmission takes place more easily. Normally the disease in these non-tsetse areas spreads through a herd fairly slowly, which is in very marked contra-distinction to what happens if the herd is exposed to tsetse. In these non-tsetse areas there is no doubt that special conditions are involved and these occur in nature but are extremely difficult to reproduce under artificial conditions. In spite of numerous attempts to transmit T. congolense mechanically by Stomoxys and the Tabanide over a period of many years at Entebbe veterinary laboratory in Uganda I have always failed to set up infection, and under laboratory conditions where cattle are kept housed even if fairly large numbers of biting flies are present, cross-infection rarely if ever takes place. Over a period of sixteen years with trypanosome infections constantly being maintained in cattle I have yet to see an accidental infection taking place, and I cannot imagine that crossinfection by mechanical means could ever happen in this country under laboratory conditions, or even in ordinary farm buildings.
Mechanical transmission in human beings rarely occurs, but in the outbreak of sleeping sickness in Mwanza, Tanganyika, about twenty years ago, Duke was under the impression that mechanical transmission by tsetse actually took place in the villages where the fly concentration was extremely heavy.
I have not touched upon the epidemiology in other animals than cattle. Trypanosomiasis in dogs, sheep, goats and horses is almost invariably by the bite of a tsetse, and mechanical transmission does not appear to be an important factor. Dogs are especially susceptible to trypanosomiasis, and T. brucei and T. congolense are the important parasites. The disease set up by T. brucei and T. rhodesiense is indistinguishable on clinical grounds and is invariably a severe infection. Dogs are a very sensitive index of the presence of tsetse in a particular area.
Dr. Cecil A. Hoare (Wellcome Laboratories of Tropical Medicine, London): Reservoir hosts of human trypanosomiases.-The trypanosomiases affecting man and domestic animals afford one of the best examples of a field where the medical and veterinary sciences meet on common ground. The contact is particularly close in the sphere of epidemiology, especially in Africa where the tsetse flies and wild game represent a common pool for the pathogenic mammalian trypanosomes. I propose to restrict myself to the animal reservoirs of human trypanosomiases. In the case of sleeping sickness we have to deal with two forms of the disease, the chronic and the acute; however, there is no doubt that the causative organisms are very closely related and probably identical, T. rhodesiense representing merely a virulent strain or race of T. gambiense. Indeed there are indications that the two trypanosomes are convertible into each other.
The question regarding the reservoir hosts of sleeping sickness is highly controversial. In endemic areas of this disease natural infections with trypanosomes of the brucei group are common in tsetse flies and among wild and domestic mammals. In view of the absence of morphological distinctions between the three members of this group their identity in natural infections can be established with certainty only by observing their effect in susceptible animals, by inoculating these with the blood of the natural host, by allowing wild tsetse flies to feed on them, or by experimental infection of human volunteers.-However, in most cases the nature of the trypanosomes detected in natural infections is determined from evidence provided by the epidemiological data. Thus, trypanosomes found in animals from localities where the human disease is unknown most probably are T. brucei, while those occurring in endemic areas of the Rhodesian disease may be either T. rhodesiense or T. brucei. Since both these species are highly virulent for laboratory animals they can only be differentiated by inoculating human volunteers. In endemic areas of the Gambian disease the differential diagnosis of T. brucei and T. gambiense is based on the relative virulence of the trypanosome for laboratory rodents.
The occurrence of natural infections with human trypanosomes among wild and domestic mammals has an important bearing on their role as reservoir hosts of sleeping sickness. Significant results, throwing light on this problem, have been obtained from experimental infections of various animals. These have shown that T. rhodesiense and T. gambiense can be maintained by cyclical transmission through wild and domestic mammals for several years, without losing their transmissibility to man.
From these observations it is concluded that in sleeping sickness, in addition to man, various other mammals constitute a source of infection. The relative importance of the human and animal reservoirs differs according to the type and distribution of the disease. The Rhodesian disease, which is usually encountered on the fringes of thinly populated bush-country abounding in big game, is transmitted by tsetse flies from man to antelopes and from these back to man, antelopes representing important reservoir hosts even in localities which have been depopulated for some years. In the Gambian disease, which occurs in relatively well-populated localities with a sparse mammalian fauna, man appears to be the essential host, but in view of the prolonged survival of the trypanosome in antelopes and domestic animals, without loss of cyclical transmissibility to man, some of these animals should be regarded as potential reservoir hosts.
The question of reservoir hosts of T. gambiense and T. rhodesiense is closely linked with that of their relationship to T. brucei, which has both a theoretical and practical interest, for there are reasons to believe that the human trypanosomes have originated from T. brucei. This question has also an important bearing on the epidemiology of sleeping sickness, for if it could be proved that T. brucei is capable of establishing itself in man, both wild and domestic animals harbouring this trypanosome would have to be reckoned with as dangerous sources of human infection. However, there is considerable controversy on this matter. The chief factor which prevents T. brucei from gaining a footing in man is the trypanocidal action upon it of normal human serum, to which the human trypanosomes are resistant. But it is conceivable that persons suffering from pathological conditions which destroy the trypanocidal power of their serum might become susceptible to infection with T. brucei. Furthermore, exceptionally virulent strains of this trypanosome might overcome the trypanocidal action of normal human serum. Having thus established itself in man T. brucei would gradually adapt itself to the new host, at first behaving like T. rhodesiense and subsequently like T. gambiense. Conversely, it is thought that after passages through lower mammals the human trypanosomes may revert to T. brucei.
However, these views cannot be accepted unreservedly. First, because in enzootic areas of T. brucei no cases of human infection have ever been recorded. Secondly, because practically all attempts to infect human volunteers with T. brucei have failed. Finally, it has been demonstrated that after cyclical transmission through ruminants for many years T. rhodesiense does not lose its power to infect man again, i.e. it does not revert to T. brucei.
From these confficting data it can be concluded that T. brucei does not readily adapt itself to man and that its transformation into T. rhodesiense does not take place under normal conditions, but presumably this evolution has actually happened in the past and might recur under exceptionally favourable conditions, the nature of which is not yet clear.
We now turn to the question regarding the reservoir hosts of American human trypanosomiasis, or Chagas' disease. Here the role of lower mammals as sources of human infection is much clearer, for in various countries of the New World numerous wild and domestic mammals are naturally infected with T. cruzi. This fact is of considerable importance in the epidemiology of human trypanosomiasis. The occurrence of natural infections in wild animals is closely correlated with the incidence of T. cruzi among Reduviid vectors. Infected bugs are encountered throughout the Americas, not only in localities where the human disease is endemic, but also outside 'these areas, where they inhabit the burrows of wild mammals and transmit the infection to these animals.
Since Chagas' disease has a restricted geographical distribution and its incidence in man is very low as compared with the incidence of infection among wild mammals and Reduviid bugs, there can be no doubt that T. cruzi is a natural parasite of these animals and Chagas' disease is a typical zoonosis, i.e. primarily an infection of wild animals which act as reservoir hosts from which the disease is occasionally spread to man by bugs introduced into human dwellings. This connexion has been clearly established in South America, where armadillos represent the source of human infection outside human habitations, but once established in a community the infection is transmitted from man to man by the domesticated bugs. Under these conditions domestic animals, like dogs and cats, also acquire the infection and constitute important reservoirs of the disease. The position in the southern parts of the United States is peculiar, for human trypanosomiasis has not hitherto been recorded there, in spite of the fact that local wood rats and Reduviid bugs harbour T. cruzi which is capable of infecting man under experimental conditions.
In conclusion, it may be noted that, in addition to trypanosomes which are common to man and lower mammals, there are a number of cases on record showing that purely animal parasites, e.g. T. vivax and T. lewisi, can occasionally break the barrier of host-restriction and establish themselves temporarily in man.
Dr. J. T. Edwards stressed the important difference between the human and veterinary aspects in so far as, in the former, two closely related species only, namely T. gambiense and T. rhodesiense were in question, at any rate in Africa (with T. cruzi, of minor importance, in South America), whereas, in the latter, the field was far more extensive and comprised trypanosomes belonging to the three very different groups, namely (a) the brucei-pecaudi, (b) congolense-dimorphon, and (c) cazalboui-vivax.
Each of these three groups Irepresented trypanosomes with marked morphological, developmental, and antigenic differences, as well as of response to chemotherapeutic agents, so that in devising methods of control of infection the veterinarian, over a large part of Africa, was presented with a far more complicated problem than the medical worker. If the recent work of Fiennes was confirmed, which pointed to a dermal pathogenesis in congolense infection in cattle, with remote disorganization of the internal tissues, especially the thyroids, resulting from the products of the superficial infection, then the whole conception underlying chemotherapeutic treatment wpuld need to be revised. So far, in trypanosome control, with the extreme difficulty of dealing effectively with vectors and carriers, main reliance had had to be placed on diagnostic methods coupled with chemotherapeutic procedures. Dr. Edwards himself, after experiences in India and Egypt (and the same applied to North African territories generally) had been concerned only with trypanosomiasis caused by that monomorphic, mechanically-transmitted trypanosome of the brucei-pecaudi group known as T. evansi. What was striking in connexion with it was the difference in response of the different species of domestic animal to chemotherapeutic treatment. Since the introduction of Naganol (Bayer 205) towards 1923 the prospects of recovery after proper treatment had changed greatly for the better. Moreover, preventive treatment was hopeful, for after injection of a prophylactic dose the drug remained in trypanocidal concentration in the system for over a month. In therapeutic treatment, the response was paralleled by the susceptibility of the species. In horses, which were very highly susceptible, nothing was effective save Naganol, administered intravenously in adequately large doses, repeated at monthly intervals, on two or three occasions, preferably concurrently with intrathecal administration to ward off possibility of a trypanosomal cerebrospinal meningitis (as Naganol did not traverse the "blood-brain barrier"). Whereas in ordinary cattle and buffaloes, among which outbreaks occasionally arose caused by strains of the trypanosome particularly highly adapted to these relatively resistant species, much less drastic treatment, using simpler remedies, was usually fully effective, the tissues of these animals being able to fend, as it were, for themselves after a little help. In these more resistant species, however, the trypanosomes could be shown to persist, without causing obvious harm to the hosts, after incomplete treatment-a status which could not be established in the far more highly susceptible equine. That Indian Zebu cattle could constitute dangerous reservoirs of infection was exemplified in the classic outbreak in Mauritius over half a century ago, when the local cattle were decimated after the importation of some Indian cattle. Between horses and cattle, in susceptibility and response to chemotherapy, came dogs and camels, among which T. evansi infection constituted a grave menace in the extensive territories with which the speaker was familiar. In dogs, intravenous Naganol therapy had promptly suppressed local outbreaks, as in foxhounds, while in camels, improved methods of diagnosis, such as the mercuric-chloride gel test, for those chronic infections in which the trypanosome was not readily detectable, coupled with Naganol therapy had proved wholly satisfactory.
Whether T. gambiense and T. rhodesiense of man and T. brucei of animals were so nearly related that human infection could arise through adaptation of the animal trypanosome, by some process not yet discovered, to human beings was a point of very grave epidemiological importance. The experiments of Kleine and others on human volunteers failed to support the assumption that adaptation took place. However, veterinary experience suggested it was not improbable that in natural circumstances such a phenomenon might arise. Thus, for example, effective control of dourine in horses, caused by a trypanosome of the brucei-pecaudi group (T. equiperdum), transmitted by coitus, had been achieved by wholesale slaughter of carriers detected by the application of the complement-fixation test on the blood serum. "The antigen used in the test consisted of a fresh suspension of trypanosomes separated from the blood of small laboratory rodents (rats or mice) suffering from a rapidly progressive hyperacute septicwmia following inoculation with highly adapted strains of T. brucei or T. evansi. These trypanosomes, and not T. equiperdum, were employed because it was extremely difficult to discover a strain ofT. equiperdum from natural cases that was infective for these rodents, but experience proved that antigen prepared from brucei or evansi strains was fully satisfactory in the complement-fixation test. This proved the very close antigenic affinity existing between the several members of the brucei-pecaudi group. However, although ordinarily it is not possible to transmit T. equiperdum to rats, yet, very rarely indeed, a strain from a natural case can be discovered to infect an animal of this species, and when once that has been achieved then serial transfer in the species takes place readily, and the diseasepicture is indistinguishable from that seen after T. brucei or evansi infection in them.
To the veterinarian, the principles of epidemiological control in tropical or subtropical territories as applicable to a grave disease, like, for example, cattle plague, differ enormously from those applicable to the trypanosomiases. For, whereas, in the former, resort must be had to vaccination (and research undertaken continuously to perfect methods of vaccination), in the latter resort must be had to chemotherapy (also with the steady pursuit of improving methods of both preventive and therapeutic treatment). In the case of the former, methods of segregation and quarantine are usually out of the question. In the case of the latter, however, the recent discovery of excellent insecticides, such as D.D.T., will supplement, if not eventually supplant, chemotherapy.
Brigadier J. S. K. Boyd said he thought Dr. Carmichael was taking an unduly pessimistic outlook on the subject of drug prophylaxis in animal trypanosomiasis. In the Belgian Congo, van Hoof and his colleagues had reported that a single dose of pentamidine protected mantagainst infection with T. gambiense for a period of six months. It seemed reasonable to hope that a drug conferring a similar or even a greater degree of protection against congolense infection might some day be discovered. Recent reports on certain phenanthridinium compounds were encouraging and it was possible that sooner or later a drug, possibly less toxic than those already known, and conferring a longer period of protection, might be discovered.
Dr. E. M. Lourie (Director of the Warrington Yorke Department of Chemotherapy, Liverpool School of Tropical Medicine) supported Brigadier Boyd's optimism in regard to the possibility of eventually finding an effective prophylactic agent for T. congolense infections of cattle. All that would be needed, after all, would be to find a substance which is not only lethal to the trypanosome but which is also capable of being retained in the host, in adequate amount, for a long period of time. There should be no insuperable difficulty in finding a compound in which these two properties are combined, and there is every reason to expect that substances of such a nature will become available before very long.
Dr. Lourie remarked that many of the problems of trypanosomiasis have been made more puzzling because of a tendency to regard the characters of T. gambiense, T. rhodesiense, T. brucei, &c., as of a fixed nature. One must constantly bear in mind, however, that the characteristics of any particular strain of trypanosome can undergo radical changes, which may be retained for very long periods. For example, after passage through suckling rats, T. gambiense no longer produces the chronic benign infections ordinarily characteristic of T. gambiense in laboratory animals; it acquires the virulent properties, together with other features, of T. brucei (Sandground, Ann. Trop. Med. Parasitol., 1947, 41, 293) . Is it not possible that the reverse change, that is from virulence to benignarrcy, may account for the situation in Uganda, referred to by Dr. Hoare? After the devastating epidemics on the shores and islands of Lake Victoria at the beginning of this century the populations were shifted from the affected areas. On their return, many years later, there was no recurrence of epidemic conditions, although Fairbairn and Burtt (Ann. Trop. Med. Parasitol., 1946, 40, 270) have shown that trypanosomes may retain their infectivity after many years of passage through game animals, which are, of course, abundant on the shores and the islands of Lake Victoria. However, a highly significant point is that although infectivity for man is retained after many years of passage through other animals, it is not unlikely that virulence for man may be considerably reduced. Indeed, Fairbairn and Burtt produced evidence for such a change in a-strain of T. rhodesiense Proceedings of the Royal Society of Medticine maintained for many years in sheep, although it is true they found no such evidence after passage of the same strain through antelope. However, these workers are precluded from making complete studies of virulence in man, because of the necessity of curing their volunteers at a very early stage of infection. Is it, then, not possible that the strains which produced the serious Uganda epidemics at the turn of the century may have subsequently become benign and relatively unimportant during their sojourn in game animals, before human resettlement was allowed in the affected areas ?
No doubt many of the epidemiological problems of trypanosomiasis require that we should disabuse ourselves of the notion that T. gambiense always behaves in such and such a way, T. rhodesiense in another way, and T. brucei in still another way.
Dr. F. Hawking pointed out that most of the trypanosomes which infected cattle in Africa were derived from wild game, and so were some of those which infected man. Control of game was necessary for the control of trypanosomiasis; but this did not mean destruction of the game, since ample game reserves could be set aside for their preservation.
Dr. P. L. LeRoux: No mention has been made of the possible influence which temperature may have on the epidemiology of trypanosomiasis. In the case of human trypanosomiasis in Northern and Southern Rhodesia and in the Bechuanaland Protectorate, it is significant that the disease seems to remain confined to certain well-defined areas-Lake Tanganyika and the Luangwa Valley in Northern Rhodesia, certain parts of the Zambesi Valley in Southern Rhodesia, and the endemic area in Northern Bechuanaland-which are probably the hottest areas in these territories. It has been reported from Tanganyika that the incubation of the pupae of Glossina has resulted in more flies becoming infected, on exposure to an infected meal, than is otherwise the case.
It would appear that temperature, in the case of human trypanosomiasis, must have a direct influence on the development of the trypanosome in the tsetse fly and this may explain why cases do not occur in the rest of the Glossina-infected areas.
The destruction of game for the eradication of the tsetse fly seems necessary and the complete disappearance of the "fly'" from the Northern Transvaal after the outbreak of rinderpest, is often cited in support of game destruction. In the case of the Transvaal the "fly" was actually on the decrease before the rinderpest invaded the country and the rinderpest did not kill off all the species of antelopes. The zebra is not susceptible to rinderpest.
It would appear, also, that other tropical diseases of man and stock are directly influenced by temperature in that the development of their parasites or viruses in the invertebrate hosts is more dependent on temperature than is generally realized or accepted.
Dr. C. A. Hoare (in reply): While the finding of T. congolense in India is an isolated case, in T. vivax we have an example of a tsetse-borne infection which had spread outside its natural boundaries to Mauritius, the West Indies and South America, where the disease is transmitted to cattle mechanically by horse-flies. As regards surra, the disease occurs all along the Mediterranean coast of North Africa, from Egypt to and including Morocco, where it is represented by races affecting camels and equines. The existence of common antigens in trypanosomes of the brucei group has been demonstrated recently by van Hoof, who has shown that immune serum of one of these trypanosomes, when added to the culture medium, inhibits the growth of the others. Recent work by Brand and Johnson indicates that the metabolic processes of trypanosomes belonging to various groups show marked differences which may be correlated with differences in their response to chemotherapeutic agents. With regard to the relationship between T. gambiense and T. rhodesiense, the clinical manifestations attributed to these parasites are not clearly demarcated, for cases showing symptoms of one type of sleeping sickness may occur in a minority within the area of distribution of the other type.
